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ChiYi Chena∗
aHangZhou Normal University, Hangzhou 310036, China
To investigate the mass generating problem without Higgs mechanism we present a model in which
a new scalar gauge coupling is naturally introduced. Because of the existence of production and
annihilation for particles in quantum field theory, we extend the number of independent variables
from conventional four space-time dimensions to five ones in order to describe all degrees of freedom
for field functions while the conventional space-time is still retained to be the background. The
potential fifth variable is nothing but the proper time of particles. In response, a mass operator
(mˆ = −ih¯ ∂
∂τ
) should be introduced. After that, the lagrangian for free fermion fields in terms of five
independent variables and mass operator is written down. By applying the gauge principle, three
kinds of vector gauge couplings and one kind of scalar gauge coupling are naturally introduced. In
the current scenario, the mass spectrum for all fundamental particles is accounted for in principle
by solving the eigenvalue of mass operator under the function of all kinds of interactions. Moreover,
there no any auxiliary mechanism including spontaneous symmetry breaking get involved in the
model. Therefore, traditional problems in the standard model such as the vacuum energy problem
are removed from our model, as well as the hierarchy problem on the mass spectrum for fundamental
particles.
PACS number(s): 03.65.-w, 12.60.Cn
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I. INTRODUCTION
Recently, the ATLAS and CMS collaborations have announced the discovery of a 125Gev Higgs-like boson[1, 2]. As
we all know, Higgs particle and Higgs mechanism are the key part of the standard model. The discovery of this new
boson opens a new window in exploring the deepest secret in particle physics. But the result is still preliminary. What
is this new boson and what real role should it play in particle physics are still open questions. On the other hand, in
standard model Higgs mechanism predicts the existence of non-zero vacuum energy density owing to the spontaneous
symmetry breaking on the vacuum of quantum field. But such a non-zero vacuum energy is not favored by theoretical
physicists since it appeared. How to get the vacuum energy back to zero is a traditional puzzle. Moreover, if we apply
the vacuum energy density into the dynamics of our universe, it immediately arouses a serious hierarchy problem.
This is the cosmological constant problem[3–6]. Therefore, establishing a new model without Higgs mechanism, but
containing a scalar coupling is an attractive research topic.
At the beginning of this paper we make a bold but rational proposal that on the premise of retaining four-dimensional
conventional space-time, an additional fifth independent variable may be essential to be introduced in describing all
degrees of freedom for field functions. That is the coordinate of proper time in probability distributed space. The
main reason is that the production and annihilation of field particles may also be embodied in the field functions
by an existence of a probability distribution on the different values of proper time coordinate. Correspondingly, we
introduce a new relevant operator—mass operator in constructing the lagrangian of five-variable fermion fields. After
that we perform local gauge transformations on new formalized lagrangian, then the introduction of a new gauge
coupling—scalar gauge coupling is indispensable. Consequently, a five-variable gauge field theory is presented within
a concise form and its few parameters may provide us with strong predictive power in further research.
II. FIVE-VARIABLE PROBABILITY DISTRIBUTION FUNCTIONS AND MASS OPERATOR
In the past one hundred years, the special theory of relativity and quantum mechanics have become the most
important foundations for modern physics. Both of them are well defined and organized into logic systems. To start
with, we investigate the kinematical relationship in special theory of relativity. As it is well known, the Lorentz-
invariant space-time interval is given by(using natural units: c = 1)
− dS2 = −dt2 + dx2. (1)
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2In parallel, the energy-momentum relation for a single particle can be written as
−m2 = −E2 + p2. (2)
On the other hand, the correspondence between kinematical quantities and their operators in quantum mechanics is
shown as
E −→ ih¯
∂
∂t
= Eˆ; (3)
pi −→ −ih¯
∂
∂xi
= pˆi. (4)
Comparing the equation (1-2) with (3-4), we suppose that there may be an operator corresponds to the mass of
particles. on the analogy of correspondences (3-4), it is natural to suppose that
m −→ −ih¯
∂
∂τ
= mˆ, (5)
where the operator mˆ is just the mass operator which is Lorentz-invariant and will be introduced into the quantum
field theory.
Why should we introduce a mass operator? There are two motivations. As far as we know, the mass of fundamental
particles are vastly different. There is a hierarchy problem. It is unnatural if we interpret all masses of fundamental
particles by introducing just one single parameter such as one energy scale, on which the symmetry of vacuum breaks.
Conversely, if there is a mass operator which is responsible to the generating of mass spectrum, it is possible to achieve
a more natural picture to understand the mass spectrum for fundamental particles by resorting to the structure of
couplings and interactions. This is the first motivation to introduce the mass operator.
The second motivation comes from the needs of describing full degrees of freedom in quantum field theory. As we
know, since the classical mechanics is of determinism, the state of motion for any single particle is originally described
by r(t)={x(t), y(t), z(t)}, which is determinable by solving the dynamical equation. Therefore, {x(t), y(t), z(t)} can
be regarded as a fundamental function for classical particles. In this sense, there are substantially three independent
variables required to describe the state of motion for classical particles. However, in the scenario of quantum me-
chanics, the fundamental function for quantum particles is changed to be the wave function ψ(x, y, z, t), which is also
determinable by solving the dynamical equation in quantum mechanics, such as Schrodinger equation. Therefore,
the independent variables required by the wave function in quantum mechanics are changed to be four-dimensional
coordinates of the background space-time {t, x, y, z}. In other words, though a free particle has only three degrees
of freedom in classical mechanics since it is of determinism, but its wave function under the framework of quantum
mechanics actually has four independent variables since the wave function only describes a probability distribution of
the particle. Furthermore, when the quantum mechanics is extended into quantum field theory, in the same way we
should add a new independent variable into the function of field quantities, owing to the universal existence of produc-
tion and annihilation of particles in quantum field theory. This kind of variable required by probability distribution
functions should also be universal and qualified to describe the production and annihilation information for particles.
A most natural choice is the proper time of particles, since the proper time is a universal variable in quantum field
theory and not related to the specific features of particles. In some sense, the proper time can be regarded as an
independent new coordinate of probability distributed space for field functions. Besides, the proper time coordinate
can be used to define mass operator in the spirit of quantum mechanics. The introduction of proper time coordinate
is also in a good correspondence with the mass operator for their Lorentz invariance.
Under macroscopic conditions, we know the state of motion for a classical particle is described by space-time
coordinates, which satisfy the kinematical constraint relation from the special theory of relativity,
dτ2 = −dx2 + dt2. (6)
Meanwhile, the invariant interval in background space-time of classical particles is given by dS2 = −dx2 + dt2. But
at microscopic scales, the state of quantum particle is described by a distribution of probability. Moreover, the
coordinates in probability distributed space are no longer constrained by above kinematical constraint relation (6).
Therefore, in mathematics we are able to introduce a very simple convention on the invariant interval in five-variable
probability distributed space,
dΩ = −dx2 + dt2 − dτ2. (7)
Strictly speaking, we believe that microscopic particles substantially obey the kinematical constraint relation from
special theory of relativity, and the probability distribution interpretation for the wave function should be regarded
3as a phenomenological effective description of the state of motion for microscopic particles. Therefore, the equation
(7) will not cause a new kinematical constraint relation for microscopic particles but substantially a mathematical
convention for probability distributed space. In fact, we can also see from the following discussion, by introducing
the convention (7), the mathematical form of the lagrangian can be simplified and symmetrized to simulate the four-
dimensional covariant form in special theory of relativity. Consequently, the vector in field function’s five-variable
probability distributed space can be written down as a five-component form,
xa = (x, y, z, t, τ), a = 1, 2, 3, 4, 5. (8)
Due to the invariant interval in five-variable probability distributed space (7), we further introduce a metric tensor in
analogy to the four-dimensional covariant formulism in special theory of relativity. The generalized metric is
gab = diag(−1,−1,−1,+1,−1). (9)
The five-component gradient operator is therefore introduced as
∂a = (
∂
∂x
,
∂
∂y
,
∂
∂z
,
∂
∂t
,
∂
∂τ
) = (∂µ, ∂τ )
∂a∂
a = −
∂2
∂(xi)2
+
∂2
∂t2
−
∂2
∂τ2
, i = 1, 2, 3. (10)
III. FREE DIRAC EQUATION WITH MASS OPERATOR
After the mass operator is introduced, we investigate the commutation relation of their coefficients. The most
natural requirement to these operators is that in free fermion field theory, the energy-momentum relation from special
theory of relativity should be formally retained for their corresponding operators. According to the derivation of
original Dirac equation, we also apply Fourier expansion method to a free fermion field function and write down a
plane wave function as its general formula,
ψ ∝ e
i
h¯
(p·x−Et+mτ). (11)
Then an operators’ relation being analogous to Klein-Gordon equation should be obeyed if we want to construct a
quantum theory in terms of operators. It is shown by
(Eˆ2 − c2pˆ2 − c4mˆ2)ψ = 0. (12)
But in the spirit of Dirac’s equation, the relativistic equation of free fermion should be constructed by linear operators
and they must be first order of derivatives. Hence a relativistic equation of free fermion field is also assumed to be
[χ(ih¯
∂
∂t
)− cαj(−ih¯
∂
∂xj
)− c2β(−ih¯
∂
∂τ
)]ψ = 0. (13)
Multiplying [χ(ih¯ ∂
∂t
) + cαj(−ih¯
∂
∂xj
) + c2β(−ih¯ ∂
∂τ
)] on both sides of the equation (13), we have
[χEˆ + cαj pˆj + c
2βmˆ][χEˆ − cαj pˆj − c
2βmˆ]ψ = 0. (14)
By making a simple expansion on the left hand side of the equation (14), we further have
[χ2Eˆ2 − c2αiαj pˆipˆj + c(αiχpˆiEˆ − χαiEˆpˆi)+
c2(βχmˆEˆ − χβEˆmˆ)− c3(αiβpˆimˆ+ βαimˆpˆi)−
c4β2mˆ2]ψ = 0. (15)
To obtain the Klein-Gordon-like relation shown as the equation (12), the commutation relation between energy-
momentum operators and mass operator is required to be
mˆEˆ − Eˆmˆ = 0;
mˆpˆi − pˆimˆ = 0. (16)
Above commutation relation is assigned on the basis of two reasons. Firstly, it is in analogy to the commutation
relation between energy operator and momentum operator: Eˆpˆi − pˆiEˆ = 0, which is adopted in the derivation
4of original Dirac equation. Secondly, the original Dirac equation has achieved a great success in both theory and
experiments, while the mass term in original Dirac equation is always expressed by a real parameter. Thus in the
original quantum field theory where the mass operator has not been introduced, the mass parameter is commutable
with any operator. In light of this fact, we should also assume the valid of (16) from the viewpoint of phenomenology
so as not to arouse an immediate conflict after we introduce a mass operator into quantum field theory. Besides, it
can also be understood from the viewpoint of physics. Since the mass operator is stemmed from the inherent degree
of freedom for particles, while the definition of energy operator and momentum operator are respectively based on
the background time and background space, all these degrees of freedom are completely orthogonal. Therefore, their
corresponding operators are commutable with each other. Based on above commutation relations between energy
operator, momentum operator and mass operator, we obtain the commutation relation between their coefficients,
(α1)
2 = (α2)
2 = (α3)
2 = β2 = χ2 = 1;
αiαj + αjαi = 0;
αiβ + βαi = 0;
αiχ− χαi = 0;
χβ − βχ = 0. (17)
Recall the mathematical properties of Dirac matrices, we can write down the most simple solution as,
αi =
(
0 σi
σi 0
)
, γi = −βαi =
(
0 −σi
σi 0
)
,
β =
(
I 0
0 −I
)
, γ4 = β,
χ = 1. (18)
Here σi are the Pauli matrices. Correspondingly, we define a new combined representation for Dirac matrices,
γa = (γi, γ4,−I), a = 1, 2, 3, 4, 5. (19)
Now we choose the natural units: c = h¯ = 1, so the equation (13) can be rewritten as
(iγµ∂µ + i∂τ )ψ = (iγ
a∂a)ψ = 0 (20)
In this case, the lagrangian of free fermion field in the five-component representation is obtained
L0 = ψ¯γ
a∂aψ. (21)
IV. ELECTROMAGNETIC GAUGE FIELD THEORY
In analogy to the standard model, the electromagnetic gauge field can also be introduced here by considering a
generalized local U(1) gauge transformation with maximized degrees of freedom in five-variable probability distributed
space,
ψ −→ ψ′ = eiα(x,y,z,t,τ)ψ, (22)
here τ is the proper time of field particles and regarded as an original variable in quantum field functions. According
to the requirement of gauge invariance, we must introduce a gauge field Aa which is assumed to satisfy the following
gauge transformation,
Aa −→ A
′
a = Aa −
1
e
∂aα(x, y, z, t, τ). (23)
As we have known, the gauge for electromagnetic field is given by
Aµ −→ A
′
µ = Aµ −
1
e
∂µα(x, y, z, t). (24)
Therefore, when the gauge transformation is extended from four dimensions of conventional space-time into five-
variable probability distributed space, not only the classical electromagnetic field is introduced, but also a new scalar
field φ(x, y, z, t, τ) get involved to describe the fifth component of Aa. In the current model, such a scalar field is
5naturally introduced by the gauge transformation, so it predicts a new kind of gauge coupling—scalar gauge coupling.
The five-component representation for Aa is
Aa = (A1, A2, A3, ϕ, φ) = (Aµ, φ), a = 1, 2, 3, 4, 5. (25)
The gauge field tensor of U(1) is given by
Fab = ∂aAb − ∂bAa. (26)
Then the lagrangian of free U(1) gauge field is obtained
L0 = −
1
4
FabF
ab
= −
1
4
(FµνF
µν + Fµ5F
µ5 + F5νF
5ν + F55F
55)
= −
1
4
(FµνF
µν + 2Fµ5F
µ5). (27)
In fact, the mass term of vector gauge field and the kinetic energy term of scalar gauge field have been contained in
above equation. It can be shown by making an expansion on the second term,
Fµ5F
µ5 = (∂µA5 − ∂5Aµ)(∂
µA5 − ∂5Aµ)
= (∂µφ− ∂τAµ)(−∂
µφ− ∂τAµ)
= −∂µφ∂
µφ+ 2∂τAµ∂
µφ+ ∂τAµ∂
τAµ. (28)
Therefore, in the five-component representation of quantum field theory, kinetic energy term and mass term are form
unified. On the other hand, owing to U(1) gauge symmetry, the kinetic energy term of fermion field can be extended
into
ψ¯γa∂aψ → ψ¯γ
a(∂a − ieAa)ψ. (29)
We define a five-component covariant derivative for U(1) gauge symmetry,
Da ≡ ∂a − ieAa. (30)
Consequently, the complete lagrangian for fermion field which is invariant under a generalized U(1) gauge transfor-
mation (22) is carried out in a concise expression,
L = ψ¯γaDaψ −
1
4
FabF
ab. (31)
It is remarkable that in above expression the mass terms of fermion field and vector gauge field have both been
included.
V. NON-ABLIAN GAUGE FIELD THEORY
For simplicity, in this case we only take SU(2) gauge transformation for example. Similarly, a generalized SU(2)
local gauge transformation with maximized degrees of freedom is given by
ψ −→ ψ′ = e
i
2
σjα
j(x,y,z,t,τ)ψ, (32)
here σj is the j-th generator of SU(2). The above gauge transformation has wholly contained conventional SU(2)
gauge transformation as it is in standard model. But at the present case, the five-component gauge field introduced
by SU(2) should be written as
Bia = (B
i
µ, φ
i = φ), a = 1, 2, 3, 4, 5. (33)
Here we may assume that all scalar fields introduced by different gauge symmetries correspond to the same one
(φi = φ) since they are responsible to generate a unique mass spectrum. Then in the case of SU(2) gauge symmetry,
the five-component covariant derivative and gauge field tensor are given by
Da = ∂a −
i
2
gσiBia;
6F iab = ∂aB
i
b − ∂bB
i
a + gǫ
ijkBjaB
k
b . (34)
The lagrangian of the free fermion field and its SU(2) gauge coupling can be expanded as
ψ¯γaDaψ = ψ¯γ
µ∂µψ + ψ¯∂τψ −
i
2
gψ¯γµσiBiµψ −
i
2
gψ¯σiφiψ. (35)
It is obvious that above expression has included the mass term of the fermion field and its couplings with vectors and
scalar. Analogously, we can also obtain the mass term of gauge fields and their self-interactions,
−
1
4
F iabF
iab
= −
1
4
(∂aB
i
b − ∂bB
i
a + gǫ
ijkBjaB
k
b )(∂
aBib − ∂bBia + gǫijkBjaBkb)
= [−
1
2
(∂µB
i
ν∂
µBiν − ∂µB
i
ν∂
νBiµ − ∂µφ
i∂µφi + 2∂µφ
i∂τB
iµ
+∂τB
i
µ∂
τBiµ)] + [−gǫijk∂µB
i
νB
jµBkν + gǫijk∂µφ
iBjµφk
+gǫijk∂τB
i
µφ
jBkµ − gǫijk∂τφ
iφjφk]
+[−
1
4
g2ǫijkǫilmBjµB
k
νB
lµBmν +
1
4
g2ǫijkǫilmBjµφ
kBlµφm
+
1
4
g2ǫijkǫilmφjBkµφ
lBmµ −
1
4
g2ǫijkǫilmφjφkφlφm]. (36)
Finally, we write down the complete lagrangian for fermion field under SU(2) gauge symmetry,
L = ψ¯γaDaψ −
1
4
F iabF
iab. (37)
From the expanded lagrangian for gauge fields (36) we find that the mass term of the gauge scalar field is absent.
This is the biggest problem currently confronted in this preliminary model and which must be reconciled with the
experiments, since an excess of events has been observed in LHC’s experiment which indirectly shows that the mass
of new discovered Higgs-like boson is about 125GeV.
VI. GAUGE FIELD THEORY WITH 3+1 GAUGE INTERACTIONS
As we know, the electromagnetic interaction, weak interaction and strong interaction actually correspond to three
different gauge symmetries: U(1), SU(2) and SU(3) respectively. All these gauge symmetries can be written in a
unified form as UY (1)
⊗
SUL(2)
⊗
SUC(3). But since we introduce the mass operator, a new scalar gauge coupling
should be added by the gauge principle besides above three fundamental interactions. Under the integrated gauge
symmetry UY (1)
⊗
SUL(2)
⊗
SUC(3), the gauge transformation of fermion field can be written down as
ψ → ψ′ = ei[α(x,y,z,t,τ)−
1
2
σjαj(x,y,z,t,τ)−λIαI(x,y,z,t,τ)]ψ. (38)
According to the gauge principle, all five-component gauge fields are given by
Aa = (Aµ, φ);
Bia = (B
i
µ, φ
i = φ), i = 1, 2, 3;
CIa = (C
I
µ, φ
I = φ), I = 1, 2..., 8. (39)
The gauge freedom for gauge fields are required to be
Aa → A
′
a = Aa −
1
g1
∂aα(x, y, z, t, τ);
Bia → B
′i
a = B
i
a + ǫ
ijkαj(x, y, z, t, τ)Bka
−
1
g2
∂aα
i(x, y, z, t, τ);
CIa → C
′I
a = C
I
a + Γ
IJKαJ (x, y, z, t, τ)CKa
−
1
g3
∂aα
I(x, y, z, t, τ). (40)
7In a similar way, the five-component covariant derivative and gauge field tensors are defined as
Da = ∂a − ig1Aa −
i
2
g2σ
iBia − ig3λ
ICIa ;
Fab = ∂aAb − ∂bAa;
F iab = ∂aB
i
b − ∂bB
i
a + g2ǫ
ijkBjaB
k
b ;
F Iab = ∂aC
I
b − ∂bC
I
a + g3Γ
IJKCJaC
K
b . (41)
Finally, under the integrated gauge symmetry, the complete lagrangian of gauge field theory is carried out as
L = ψ¯γaDaψ −
1
4
FabF
ab −
1
4
F iabF
iab −
1
4
F IabF
Iab. (42)
So far there are three kinds of vector gauge couplings and one kind of scalar gauge coupling presented in our model by
the principle of lagrangian invariant under local gauge transformation. Among them, three kinds of vector couplings
can still correspond to the well known interactions. But as for the new scalar field we find it is in coupling with almost
all fundamental particles. Therefore, such a scalar gauge coupling is virtually a universal coupling. We suppose
this kind of scalar coupling may be related to the gravitational interaction although it is introduced by the gauge
symmetry. In addition, there also exists another possibility. The scalar field introduced by mass operator is originated
from the requirement that the proper time of particles should be reflected in the distribution of probability. In other
words, the existence of this kind of scalar coupling may result in the change on the value of particles’ proper time.
Therefore, this scalar field may also depict a kind of interaction which arouses the internal evolution or spontaneous
decay of particles. Anyhow, it deserves further investigations.
VII. CONCLUSION
In the standard model of particle physics, we know that the mass of fundamental particles is provided by a
spontaneous symmetry breaking on complex scalar doublet Higgs field and this approach is the so-called Higgs
mechanism. But there are several questions existing for such a mechanism. First, Higgs complex scalar and its
Yukawa coupling with other fundamental particles are put by hand into the lagrangian. This is unnatural. Second,
the symmetry breaking in Higgs mechanism will cause a large vacuum energy density and we now know that it is far
larger than the upper limit imposed by the current cosmological observations. On the other hand, in Higgs mechanism,
the Higgs scalar is required to couple with almost all fundamental particles. In fact such a universal coupling should
only be possessed by the gravitational interaction. Besides, both mass and energy are naturally related to the gravity.
Therefore, we have ever introduced a gravitational Higgs mechanism after we generalized Brans-Dicke theory [7]. In
that model, according to the change of cosmological curvature we obtain a running vacuum energy density and a
running mass spectrum for fundamental particles. The speed of running is survivable under the constraints from
particle physics experiments, due to a slow expanding speed of our universe at the present time.
Though gravitational Higgs mechanism is very attractive for its sound physical motivations, it still has a serious
hierarchy problem as it does in standard model. The main difficulty is that the mass spectrum of all fundamental
particles is generated by a single parameter in any improved models as long as the mechanism of spontaneous symmetry
breaking is retained. On the other hand, how about a non-gravitational mass generating mechanism? And then what
is its natural physical picture? In this paper, we suppose that the essence of the mass is the bound state of energy. So
the most natural way to understand the mass spectrum for fundamental particles is to solve the eigen equation of mass
operator. To define a mass operator, we make a bold but rational assumption in this paper. We extend the number of
independent variables of field functions from four to five in considering that the production and annihilation of field
particles exist universally. So the proper time of the field particle is treated as an independent coordinate in probability
distributed space. Just like other coordinates {x, y, z, t} of conventional space-time, the field functions should describe
a probability distribution also on the proper time dimension. The independence for the proper time coordinate is
actually traceable. In classical mechanics, the spatial coordinates x, y, z for any particle at any time must be uniquely
determined by Newton’s dynamical law which is of determinism. But in the wave function description of quantum
mechanics, {x, y, z, t} appear as independent variables since the wave function describes a probability distribution on
four degrees of freedom. By that analogy, the coordinate of proper time should also be introduced as an independent
variable into field function’s description and the field function totally describes a probability distribution on five
degrees of freedom. In a word, though the space-time background is kept to be four-dimensional, the introducing
of five independent variables into field functions is not only permitted by the special language of quantum physics
describing probability, but may also be required by the production and annihilation phenomena in quantum field
theory. On this basis, we further introduce a mass operator by making an analogy between the kinematical variables
in special theory of relativity and the operators in quantum mechanics. After that, by using the gauge principle on
8the five-variable free fermion field theory, we can find not only the electromagnetic interaction, weak interaction and
strong interaction are introduced, but also a new universal scalar gauge coupling is introduced.
In our model, almost all fundamental particles’ mass terms can be naturally included into the theory by the form of
mass operator. Therefore, in principle the mass of fundamental particles is determined by solving the eigen equation
of the mass operator under the existence of all couplings. To solve the eigen equation of mass operator, an integrated
consideration of the whole gauge field theory is indispensable so there is some difficult from mathematics in solving
this problem. But there is no any auxiliary field put into the theory by hand and also no vacuum energy density
exists. It is hopeful to solve the traditional cosmological constant problem. Besides, since the mass spectrum for
fundamental particles is now determined by the mass operator, it is also meaningful to naturally explain the hierarchy
problem. Finally, although in this paper the discussion is not focused on the constructing of an exact model since the
neutrino physics is still an open question, we still present a novel mechanism by which the mass operator and scalar
gauge coupling can be naturally introduced.
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